To identify the location of the putative tumor suppressor gene on chromosome 16p that may be involved in hepatocellular carcinoma (HCC), we examined 96 primary HCCs and evaluated their patterns of allelic loss at 10 microsatellite marker loci distributed along this chromosome arm. Allelic loss at one or more loci was observed in 46 (48%) of these tumors. Through detailed deletion mapping of tumors having partial or interstitial deletions, we identified a commonly deleted region at a 1-cM interval, flanked by D16S519 and D16S3078 at 16p13.13, defining the location of a putative tumor suppressor gene for HCC. This region contains the gene for JAB (JAK-binding protein), which is responsible for negative-feedback regulation of the JAK-STAT pathway induced by cytokine stimulation, raising the possibility that inactivation of this gene may participate in hepatocarcinogenesis via genetic and/or epigenetic changes.
Hepatocellular carcinoma (HCC) is one of the most common human cancers throughout the world and particularly in certain areas of Africa and Asia. The majority of HCCs are associated with infection with HBV or/and HCV in Japan. It is well known clinicopathologically that persistent infection with HBV or/and HCV leads to liver cirrhosis (LC) and HCC. 1, 2) However, the molecular mechanism of hepatocarcinogenesis still remains to be determined. It has been hypothesized that integration of HBV DNA causes an alteration of the host genome DNA, or X gene of HBV suppresses the function of p53 gene. [3] [4] [5] On the other hand, integration of HCV DNA has not been reported, and to clarify the mechanism of the transformation caused by HCV, the interaction of cellular proteins and HCV-proteins needs to be analyzed. A common feature in chronic viral hepatitis and liver cirrhosis is longlasting inflammation of the liver; as a consequence, chronic regenerative conditions might enhance the susceptibility of liver cells to genetic changes leading to the accelerated growth of the hepatocytes.
Genetic changes accumulate in the course of the development and subsequent progression of most human tumors. Several of these events involve activation of protooncogenes and inactivation of tumor suppressor genes. 6) Inactivation of tumor-suppressor function usually occurs as a consequence of mutation of one allele and loss of the other allele through aberrant somatic events. 7) Therefore, when allelic losses at specific chromosomal loci (loss of heterozygosity, LOH) are observed frequently in a particular type of human cancer, one can infer that under normal conditions putative tumor suppressor genes would present in the regions where the deletions were detected. In HCCs, LOH has been described on chromosome arms 1p, 4q, 5q, 6q, 8p, 10q, 11p, 16p, 16q, 17p and 22q. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Chromosomal arm 16p has been analyzed in HCCs only with a single marker D16S407 in previous allelotype studies. 16, 17) In the present study, we constructed a detailed deletion map of 16p in 96 HCCs by taking advantage of a high-resolution chromosome map of the region consisting of 10 marker loci, and examined possible correlation with several clinico-pathological parameters.
MATERIALS AND METHODS
Samples and DNA preparation Tumor samples and corresponding non-cancerous tissues were obtained from 96 patients with primary HCC who underwent surgery. Informed consent was obtained from all participating patients prior to surgery. Portions of the tissues were frozen immediately after surgery and stored at −80°C. DNAs were extracted according to procedures described previously. 19) LOH analysis Ten microsatellite markers that had been described in the Genethon linkage map 20) covering the length of chromosome arm 16p were used for LOH analysis in the present study. The names of the polymorphic microsatellites, and their linear order based on the consen-sus genetic and physical maps of 16p, are shown in Fig. 1 . Microsatellite repeats were amplified by polymerase chain reaction (PCR) as previously described. 21) PCR products were electrophoresed, transferred to filters, dried at 80°C, and exposed to autoradiographic film as previously described.
22)
Definition of LOH Signal intensities of polymorphic alleles were quantified by a Hoefer GS-300 scanning densitometer; peak areas corresponding to each signal were calculated by electronic integration using a GS-370 electrophoresis data system (Hoefer Scientific Instruments, San Francisco, CA). When the signal intensities of alleles of tumor-tissue DNAs were compared with those of corresponding normal-tissue DNAs, a reduction in signal intensity >50% was interpreted as LOH. 22) We distinguished LOH from chromosome multiplication by normalizing each signal to the signal obtained when the same DNA was analyzed with markers for loci on other chromosomes.
Clinicopathological parameters
The following parameters were studied: tumor stage, histologic type, tumor size, pathologic state of surrounding non-tumorous liver and serum markers for hepatitis virus (HBsAg or HCVAb). The tumor stage for each case was determined according to the TNM classification. 23) Histological grades of HCC were divided into three categories (well-differentiated, moderately differentiated, and poorly differentiated carcinoma), according to the typing scheme of the Japanese Liver Cancer Society. These three groups correspond to grades I, II, III+IV, respectively, of the EdmondsonSteiner classification. 24) The χ 2 test or Fisher's exact test was used for statistical analysis of the results. P values of less than 0.05 were considered statistically significant. 
RESULTS
Of the 96 HCCs analyzed, 46 tumors (48%) presented LOH with at least one of the 10 polymorphic microsatellite markers on chromosome 16p. The marker loci and frequencies are listed in Table I , in descending order from the telomere to centromere. The LOH frequencies ranged from 16% at D16S513 to 39% at D16S3078. The highest frequency of LOH (39%) was observed with marker D16S3078 at chromosomal band 16p13.13. Among the 46 tumors with LOH, 20 showed partial or interstitial deletions. The other 26 tumors showed LOH at all informative loci.
Representative autoradiograms of cases that revealed interstitial deletions of the 16p 13.13 region are presented in Fig. 2 . Tumor 29 showed LOH at D16S519, but retained alleles at flanking loci, D16S3078 and D16S497. Tumor 60 showed LOH at D16S519, but retained heterozygosity for D16S407 and D16S414. Tumor 18 showed LOH at D16S3078, but retained both alleles of D16S407 and D16S519.
The results of deletion mapping with the 20 tumors that showed partial or interstitial deletions are summarized in Fig. 1 . The proximal limit of the commonly deleted region was defined by D16S519, on the basis of observations in six tumors (3, 5, 15, 18, 32 , and 77) that retained heterozygosity at the D16S519 locus while showing LOH at more distal loci. The distal limit was defined by D16S3078; three tumors (29, 30 , and 100) retained heterozygosity at D16S3078 while showing LOH at more proximal loci. Hence, we defined the commonly deleted region on band 16p13.13, within a 1-cM interval flanked by D16S519 and D16S3078.
We compared LOH at 16p13.13 with clinicopathological parameters (tumor size, histologic types, staging, status of background liver disease) in all tumors for which these data were available (Table II) . As shown in the table, 
DISCUSSION
We present here the results of high-resolution deletion mapping of 96 HCCs using 10 microsatellite loci on chromosomal arm 16p. Allelic loss was observed in 48% of the tumors in our panel. We identified a novel target region of common deletion on 16p which was localized to the 1-cM interval between D16S519 and D16S3078 at 16p13.13. To our knowledge, detailed deletion mapping on chromosomal arm 16p has not yet been described in HCCs or other types of cancer. A comparative genomic hybridization study recently carried out by Marchio et al. demonstrated the presence of frequent loss of chromosome arm 16p in primary HCCs. 36) Their results support our finding that loss, not gain, is the major alteration in primary HCCs found on chromosome arm 16p.
Frequencies of LOH found on 16p in HCCs range from 6 to 83% among researchers who carried out allelotyping independently. 10, 11, 16, 17, [25] [26] [27] [28] In the present study, we detected LOH in 46 of 96 HCCs (48%) by using 10 polymorphic markers. Nagai et al. 16) and Vale'rie et al. 17) detected LOH in 36% and 40% of HCCs, respectively, using microsatellite marker D16S407 located at 16p13.13. We observed LOH in 29% of HCCs with the same marker. Several candidate genes involved in tumorigenesis or the regulation of the cell cycle have been localized on chromosomal arm 16p, such as TSC2 at 16p13. 3, 29) UBE2I at 16p13. 3, 30) XPF at 16p13.2-p13. 1, 31) and GSPT1 at 16p13. 1, 32) although no direct evidence has yet been demonstrated for a role of these genes in hepatocarcinogenesis. In addition, several genes or expressed sequence tags (ESTs) were mapped in the vicinity of the commonly deleted region defined in the present study; these includes pyrroline-5-carboxylate dehydrogenase, calcium-regulated heat-stable protein, N-methyl-D-aspartate receptor modulator, LPS-induced TNF-α factor, and epithelial membrane 2. Information on these or other ESTs are available in a New Gene Map of the Human Genome at http:// www.ncbi.nlm.nih.gov/genemap. A prime candidate for a tumor suppressor gene, JAB, encoding an SH2-domaincontaining protein named JAK-binding protein, was recently identified at 16p13.13, within the 1-cM interval described in the present study. The proliferation and differentiation of cells of many lineages is known to be regulated by various cytokines. Many cytokines exert their biological effect through a unique signalling cascade, the JAK-STAT pathway, which induces the activation of target genes in the cell nucleus. Interaction of JAB and members of the JAK family reduces the tyrosine-kinase activity of these products and suppresses the tyrosine-phosphorylation and activation of STATs. 33) JAB was recently shown to be responsible for negative-feedback regulation of the JAK-STAT pathway induced by cytokine stimulation. 34, 35) It would be intriguing to elucidate whether silencing of the JAB locus influences the process of uncontrolled cell proliferation that takes place during hepatocellular carcinogenesis; various genetic and epigenetic mechanisms of gene silencing need to be scrutinized, including gene deletions, rearrangements, point mutations, aberrant mRNA splicing or post-transcriptional processing, as well as inadequate methylation.
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